Background Overnight polysomnography is expensive and time consuming. An approach based on a logistic regression model and overnight pulse oximetry
ing. Pjlse oximetry data on the 116 test subWts were obtained during polysomnography and analysed separately. Pulse oximetry was judged to indicate obstructive sleep apnoea when it showed cyclic oscillations of oxyhaemoglobin saturation or heart rate, or both, for more than 30 minutes during the study night. Results A cut off probability of 0-31 gave the prediction model a sensitivity of 94% to predict an apnoea-hypopnoea index above 10, with a specificity of 45%. When this cutoff point was used to predict an apnoea-hypopnoea index of over 20 sensitivity was 95% and specificity 41%. Combined with oximetry our regression model had a sensitivity of 100% for predicting an apnoea-hypopnoea index of more than 10. On the other hand, all patients with negative results from oximetry and a probability value below 0'31 had an apnoea-hypopnoea index lower than 10 according to polysomnography. Conclusions It is concluded that snorers with negative results from oximetry classified as not having obstructive sleep apnoea according to this model do not need polysomnography. (Thorax 1993; 48:275-279) Obstructive sleep apnoea is a common problem among middle aged obese snorers." 2 Although complaints about loud snoring, daytime sleepiness, and psychomental impairment are characteristic features of obstructive sleep apnoea, these symptoms also occur in habitual snorers without sleep apnoea.34 As the development from snoring to obstructive sleep apnoea is gradual, even apnoea reported by the bed partner does not clearly differentiate between snorers with and without clinically relevant obstructive sleep apnoea. Increasing awareness of the risks associated with obstructive sleep apnoea in regard to morbidity and mortality5-8 has led to a rapid rise in the number of referrals to sleep laboratories. Thus 14 The sensitivity of oximetry may, however, be poor in patients with obstructive sleep apnoea who have short episodes of apnoea and only minor desaturations' -'6 and in snorers with incomplete upper airway obstruction that is not associated with apnoea or desaturation but may lead to severe fragmentation of sleep.3 As both conditions usually cause daytime sleepiness these patients should be detectable from a prediction model that includes some feature of excessive daytime sleepiness. We report a series of snorers referred to a sleep laboratory because of suspected obstructive sleep apnoea on which these ideas have been tested.
Methods
To develop the regression model we used data from 95 habitual snorers with an apnoea-hypopnoea index below 10 and from 89 patients with obstructive sleep apnoea less. The total number of episodes of apnoea and hypopnoea per hour of sleep represented the apnoea-hypopnoea index.
The symptoms and complaints of all patients were recorded by a self administered questionnaire with 36 items, most of them requiring simple "yes or no" decisions. The frequencies of positive and negative answers given by the two groups were compared by x2 test and a significant difference was assumed at p values below 0 05. Ordered according to decreasing X2 value, all items with significant differences were entered in a stepwise logistic regression analysis using the BMDP statistical software package for microcomputers."8 The variables entering the model did not change when we also included the data on the 38 patients with an apnoea-hypopnoea index of 10-20. The resulting regression equation was then applied to another sample-116 consecutive patients (95 men, 21 women) referred for investigation of heavy snoring. According to polysomnography 47 of them had an apnoeahypopnoea index above 10 and 38 above 20. The pulse oximetry data for these subjects were analysed separated from polysomnography by an investigator blinded to the patient's symptoms and the polysomnography results. For scoring of pulse oximetry the full outprints of our Sleepox software'9 were used, where intervals of 30 minutes are displayed on a 13 cm width of print (theoretically this would represent a paper speed of 6-5 cm/h on a conventional chart recorder). The 
Results
The symptoms and complaints of the two patient groups used to develop the model are best compromise between high sensitivity and relatively well preserved specificity.
The sensitivity of our model for the detection of obstructive sleep apnoea was defined as the number of true positive predictions divided by the number of patients with an apnoea-hypopnoea index of 10 or more or 20 or more. Specificity was defined as the number of true negative predictions divided by the number of patients with an apnoea-hypopnoea index below 10 or 20. With our equation applied to the 116 test subjects (table 3) , this cut off point gave the model a sensitivity of 94% for predicting an index of 10 or more (three false negatives out of 47) with a specificity of 45% (31 true negatives out of 69). When we used this cut off point to predict an apnoea-hypopnoea index of 20 or more sensitivity was 95% and specificity 41%. The negative predictive value (=true negative predictions divided by total negative predictions) of a probability below 0-31 was 91% for an apnoea-hypopnoea index of 10 or less and 94% for one of 20 or less. As can be seen from table 3, the model performed better for men than for women, the sensitivity for predicting an apnoea-hypopnoea index of 20 or more in men being 100%. The symptoms and complaints of these 116 test subjects are also given in table 2. Three patients with more than 10 episodes of apnoea per hour of sleep were missed by our model. The first was a 30 year old woman with a body mass index of 20-9, who reported heavy snoring and excessive daytime sleepiness but had no witnessed episodes of apnoea. The apnoea-hypopnoea index from polysomnography was 22-7 and ear, nose, and throat examination showed enlarged tonsils and an abnormally long soft palate with a large uvula. The polysomnogram obtained two months after surgery showed complete disappearance of sleep disordered breathing. The second patient was a 77 year old woman of normal weight with an apnoea-hypopnoea index of 32-9. Although she reported episodes of apnoea and sleepiness the probability calculated from our model was only 0-16. The third case missed by our model was a 26 year old man with a body mass index of 24-1, who complained about daytime sleepiness but had no witnessed episodes of apnoea. Whereas his probability value was 0 3, polysomnography yielded an apnoeahypopnoea index of 15.
Pathological results from oximetry, according to our definition, were found in 70 patients, in 26 of whom simultaneous polysomnography showed an apnoea-hypopnoea index lower than 10. Only three patients with an apnoea-hypopnoea index of 10 or more had negative results from oximetry. Thus sensitivity for detecting obstructive sleep apnoea from more than 30 minutes of cyclic oscillations in Sao, or pulse rate during the night was 94% and specificity 62%.
As shown in the figure, t'-e three patients considered as not having obstructive sleep apnoea on the basis of oximetry were in the high probability group, and the three patients group.bmj.com on June 23, 2017 -Published by http://thorax.bmj.com/ Downloaded from from the low probability group with an apnoea-hypopnoea index of 10 or more had positive results from oximetry. Thus the combination of oximetry with our regression model had a sensitivity of 100% for predicting an apnoea-hypopnoea index of 10 or more. On the other hand, all patients with negative results from oximetry in the low probability group had an apnoea-hypopnoea index below 10. Thus, despite the low overall specificity for obstructive sleep apnoea, our approach makes possible a reduction of negative polysomnograms of 29% (49 instead of 69) without the risk of missing patients with obstructive sleep apnoea.
Discussion
The purpose of this study was to develop an approach to the investigation of snorers referred to a sleep laboratory with possible obstructive sleep apnoea. Our goal was to reduce the number of polysomnography studies with a negative result in those who only snore-without missing patients with clinically relevant sleep disordered breathing. As we think it inappropriate to refuse a sleep study-for example, in a snorer with witnessed episodes of apnoea-solely because of the lack of relevant clinical symptoms, we chose pulse oximetry as a simple and widely available screening test for obstructive sleep apnoea as our first step. The decision about further investigation could then be based on the results of oximetry and the probability of obstructive sleep apnoea calculated from a logistic regression model.
The variables entering our prediction model were weight, height, sex, witnessed apnoea, and the positive or negative answer to the question: "Do you frequently fall asleep during the day when reading books or newspapers?" Using our regression equation with a cut off probability value of 0-31, we were able to predict an apnoea-hypopnoea index of 10 or more with a sensitivity of 94% in 116 unselected heavy snorers. Only three of the 47 subjects with an apnoea-hypopnoea index of 10 or more were misclassified by our regression equation. These patients were rather different from the typical patient with obstructive sleep apnoea, for whom our prediction model worked very well, and all of them had pathological results from pulse oximetry according to our definition.
In contrast to a recently published approach for predicting sleep apnoea from clinical symptoms,10 our model included a variable indicating excessive daytime sleepiness but did not include age or hypertension. Although hypertension was more frequently found in patients with obstructive sleep apnoea than in habitual snorers, its prevalence was not correlated with severity of sleep disordered breathing and was influenced only by obesity and male gender-both included in our model. The reason for not including age was that we found neither an increase in apnoea-hypopnoea index with age (r = 0 02) nor a higher prevalence of obstructive sleep apnoea in older age groups, which may be due to the high percentage of self referrals among our study population, resulting in an overrepresentation of young patients with severe obstructive sleep apnoea by comparison with the general population. Surprisingly, questions about typical features of obstructive sleep apnoea, such as short sleep latency, restless sleep, awakenings with choking, or difficulty in staying awake in situations other than reading, did not enter the model by stepwise logistic regression analysis. As our model is thought to estimate the probability of obstructive sleep apnoea in snorers and not to discover patients with obstructive sleep apnoea among the general population, snoring is not included in the equation. Snoring, however, is the most common finding in patients with obstructive sleep apnoea, so a patient's complaint of loud snoring means that obstructive sleep apnoea should be excluded. Our approach should be helpful in predicting 10 or more sleep disordered breathing events per hour of sleep, which is well below the apnoea index associated with increased mortality. Theoretically, patients with positive results from oximetry have to undergo polysomnography regardless of their probability group. Patients with full blown obstructive sleep apnoea, however, have characteristic cyclical oscillations of Sao, and pulse rate throughout the night. About one third of such patients can be identified from visual scoring of oximetry alone. 14 Our data support this as polysomnography would not have been absolutely necessary to confirm the diagnosis of obstructive sleep apnoea in the 17 subjects with an apnoea-hypopnoea index above 50. Consequently, a total of 79 polysomnographic examinations would have been sufficient to manage our sample of 116 snorers, a reduction in the number of polysomnography studies of 32%. In the light of recent results'4 we might put forward the hypothesis that most of the remaining 79 polysomnography studies could be replaced by simplified sleep studies that include examination of breathing pattern and detection of leg movements as well; but the validity and cost effectiveness of this approach needs to be tested.
Unfortunately, we did not measure neck circumference, which has been shown to be a sensitive and highly specific predictor of obstructive sleep apnoea.' 22 We suspect, however, that routine measurement of neck circumference will not reduce the number of sleep studies in snorers as physicians may be unwilling to refuse investigation on the basis of a normal neck circumference.
Given the discrepancy between the limited number of sleep laboratories in Europe today and the large number of patients referred for a sleep study, any attempt to reduce the number of expensive and time consuming polysomnography studies in snorers is useful. We conclude that snorers with negative results from oximetry classified as not having obstructive sleep apnoea by our prediction model do not need polysomnography. A further reduction of polysomnography studies in snorers seems feasible-by not doing polysomnography in patients of the high probability group with oximetric screening results unequivocally typical for obstructive sleep apnoea. In summary, such an approach should be able to reduce considerably the number of polysomnography studies in snorers without missing patients who would benefit from treatment.
